Oxidative stress in the central nervous system: monitoring the metabolic response using the pentose phosphate pathway.
We propose that monitoring the activity of the pentose phosphate pathway (PPP) may provide an opportunity to obtain unique information regarding the metabolic response to oxidative stress since glutathione peroxidase activity is coupled, via glutathione reductase, to the PPP enzyme glucose-6-phosphate dehydrogenase. PPP activity was quantitated from data obtained from gas chromatography/mass spectrometry analysis of released lactate following metabolic degradation of (1,6-13C2,6,6-2H2)glucose. The feasibility of this approach for in vitro studies is shown using cultured rat 9L gliosarcoma cells, primary mixed cerebrocortical and primary astrocytic cultures and in vivo using intracerebral microdialysis. Exposure of 9L gliosarcoma cells to increasing concentrations of phenazine methosulfate, diamide and H2O2 correlated with increasing stimulation of the PPP, revealing the coupling of the PPP to the glutathione pathway. In all cultured cell types, the activity of the PPP was stimulated in a concentration-dependent fashion by exposure to H2O2. In primary mixed and purified astrocytic cultures, PPP activity was stimulated with H2O2 from 2.0 to 22.5 and from 5.9 to 66.7%, respectively. H2O2-induced neuronal injury was evident before saturation of the PPP occurred. H2O2 toxicity was attenuated when neurons were preincubated with the iron chelator, deferoxamine, and did not occur until saturation of the PPP. In vivo measurements of PPP activity in the conscious rat forebrain revealed basal levels of 4.5%, which was stimulated to 16.9 and 35.7% when 1 mM H2O2 and 500 microM phenazine methosulfate were added to the perfusion solution, respectively.(ABSTRACT TRUNCATED AT 250 WORDS)